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SPECIFICATION NO. 1,145.616 

3y a direction given under Section i? (l) or the Patents Act 1949 this 
application proceeded in the name or AMERICAN HOSPITAL SUPPLY CORPORATION, a 
Corporation organised under the laws of the State of Illinois, United States or 
America, or i?4G Ridge Avenue, City or Evanston, State of Illinois, United States 
or America. 



THE PATENT OFFICE 

10 and by the following statement: — 

This invention relates to improvements in 
a heart valve prosthesis and has particular 
reference to the provision of a porous covering 
on the valve body. 

15 Soon after a heart valve prosthesis is im- 
planted, the natural process of the patient's 
body tends to cover the invading foreign body 
with a thin layer of glistening coating called 
pscudo-intima, so called because it closely re- 

20 scxnhlcs the inside lining or intima of the 
blood vessels. In certain prior valves a cloth, 
or cloth covered, suturing ring has been se- 
cured to a metal valve cage which includes 
a circular valve seat defining an orifice in the 

25 valve. Thus, the valve seat and the immediate 
inflow face have had smooth metal surfaces 
directly exposed to the blood stream. 

Experience shows that the development of 
the pscudo-intima on the suturing ring does 

30 not necessarily stop at the cloth-metal inter- 
face. In some cases it tends to cover the metal 
as well. Not having a porous surface to anchor 
itself into, this portion of the pscudo-intima 
is cantilevcrcd from die porous suturing ring 

35 and may break off at the junction of the metal 
and cloth surfaces. It is highly desirable to 
provide secure anchorage for the pseud o-intima 
on at least all major surfaces of the valve 
adjacent to the suturing ring so that pieces 

40 will not break off and be carried along in 
the blood stream. 

Objects of the invention arc, therefore, to 
provide a porous covering capable of in- 
growth by the pscudo-intima for securely an- 
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is extended from I he suturing ring to embrace 
the whole valve body, with the possible ex- 55 
ception of the cage legs but these may also 
be covered. This is accomplished by enclosing 
at least the melal ring portion of the valve 
body in a cloth sleeve. With such a cloth 
covering into which the pscudo-intima can 60 
grow and anchor itself firmly, accidental 
separations of the pscudo-intima coating from 
the valve and the resulting embolic episodes 
are prevented. Embodiments of mitral valves 
are illustrated by way of example but it is 65 
to be understood that the invention is nut- 
limited to mitral valves Also, the invention is 
not limited to metal valve construction but 
is equally applicable to valves having struc- 
tural parts made of plastic material. 70 

In accordance with the present invention 
there is provided a heart valve prosthesis 
comprising an orifice ring, means for im- 
planting said ring in living tissue of a patient, 
a movable valve member, means holding 75 
said valve member and said ring in assembled 
relation, a sleeve of porous flexible material 
such as cloth, the mid portion of said sleeve 
extending through the center of said ring and 
covering the inside surface thereof, end por- 80 
tions of said sleeve being folded over the 
edges of said ring and disposed on its out- 
side, and means securing said end portions 
on the outside of said ring. 

Additional objects and advantages will be- 85 
come apparent and the invention will be better 
understood from the following detailed de- 
scription of certain preferred embodiments 
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We, Edwards Laboratories, Ikc, a cor- 
poration organized under the laws of the State 
of California, one of the United States of 
America,, of 624 Dyer Road, Santa Ana, 

5 State of California, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to- be particularly described in 

10 and by the following statement: — 

This invention relates to improvements in 
a heart valve prosthesis and has particular 
reference to the provision of a porous covering 
on the valve body. 

15 Soon after a heart valve prosthesis is im- 
planted, the natural process of the patient's 
body tends to cover the invading foreign body 
with a thin layer of glistening coating called 
pseudo-intima, so called because it closely rc- 

20 sembles the inside lining or intima of the 
blood vessels. In certain prior valves a cloth, 
or cloth covered, suturing ring has been se- 
cured to a metal valve cage which includes 
a circular valve scat defining an orifice in the 

25 valve. Thus, the valve seat and the immediate 
inflow face have had smooth metal surfaces 
directly exposed to the blood stream. 

Experience shows that the development of 
the pseudo-intima on the suturing ring does 

30 not necessarily stop at the cloth-metal inter- 
face. In some cases it tends to cover the metal 
as well. Nor having a porous surface to anchor 
itself into, this portion of the pseudo-intima 
is cantilevercd from the porous suturing ring 

35 and may break off at the junction of the" metal 
and cloth surfaces. It is highly desirable to 
provide secure anchorage for the pseudo-intima 
on at least all major surfaces of the valve 
adjacent to the suturing ring so that pieces 

40 will not break off and be carried along in 
the blood stream. 

Objects of the . invention are, therefore, to 
provide a porous covering capable of in- 
growth b y th e pseudo-intima for securely an- 



choring any pseudo-intima which may extend 
over n on-porous parts of the valve body in a 
heat valve prosthesis, to provide cloth 
sleeves for covering the structural parts, and 
to provide a vaive having separate orifice-ring 
and cage members for a movable valve mem- 
ber. 

According to the present invention, a porous 
covering for anchorage of the pseudo-intima 
is extended from the suturing ring to embrace 
the whole valve body, with the possible ex- 
ception of the cage legs but these may also 
be covered. This is accomplished by enclosing 
at least the metal ring portion of the valve 
body in a cloth sleeve. With such a doth 
covering into which the pseudo-intima can 
grow and anchor itself firmly, accidental 
separations of the pseudo-intima coating from 
the valve and the resulting embolic episodes 
are prevented. Embodiments of mitral valves 
pre illustrated by way of example but it is 
to be understood that the invention is not 
limited to mitral valves Also, the invention is 
not limited to metal valve construction but 
is equally applicable to valves having struc- 
tural parts made of plastic material. 

In accordance with the present invention 
there is provided a heart valve prosthesis 
comprising an orifice ring, means for im- 
planting said ring in living tissue of a patient, 
a movable . valve member, means holding 
said valve member and said ring in assembled 
relation, a sleeve of porous flexible material 
such as cloth, the mid portion of said sleeve 
extending through the center of said ring and 
covering the inside surface thereof, end por- 
tions of said sleeve being folded over the 
edges of said ring and disposed on its out- 
side, and means securing said end portions 
on the outside of said ring. 

Additional objects and advantages will be- 
come apparent and the invention will be better 
understood from the following detailed de- 
scription of certain preferred embodiments 
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illustrated in the accompanying drawings. 
Various changes may be made, however, in 
the details of construction and arrangement 
of parts and certain features may be used 
5 without others. All such modifications within 
the scope of the appended claims arc in- 
cluded in the invention. 

In the accompanying drawings: 
Figure 1 is a perspective view of a first 
10 exemplary embodiment of a heat valve pros- 
thesis embodying the principles of the in- 
vention, wherein the valve cage is integral with 
the orifice ring; 

Figure 2 is a greatly enlarged fragmentary 
15 sectional view of the valve prosthesis in Figure 

' Figure 3 is a perspective view of a cloth 
sleeve which forms a part of the suturing 
ring of the valve prosthesis; 

20 Figure 4 is a perspective view of a second 
cloth sleeve which encloses the orifice ring of 
the valve prosthesis; 

Figure 5 is a view similar to Figure 2, 
showing a modified or second embodiment of 

25 the inventive prosthesis, wherein the valve 
cage and the orifice ring arc made in separate 
parts; . . . 

Figure 6 is a perspective view of the onncc 
ring in Figure 5; _ _ f 

30 Figure 7 is a perspective view of the valve 
cage in Figure 5; 

Figure 8 is a perspective view of the valve 
prosthesis in Figure 5 3 wherein the cage legs 
are covered with cloth sleeves; and 

55 Figure 9 is a perspective view of one of the 
sleeves for the cage legs in Figure 8. 

Referring first to Figures 1 and 2, the valve 
body comprises an orifice or seat ring 10 
which, in this case, is mono-cast integrally 

40 with a cage 11 having a plurality of kgs 
ro retain a movable valve member 12. The 
parts 10 and 11 are preferably made of a 
suitable non-corrodaWe metal such as the 
material commercially known under the Re- 

45 gistered Trade Mark "Stellite", or stainless 
steel but they may also be made of a suitable 
plastic, if desired. Valve member 12 is pre- 
ferably a silicon rubber ball but it may be 
made of other suitable materials and may as- 

50 sume other shapes such as a disc or ellipsoid. 
All the materials entering into the valve con- 
struction must be acceptable to the human 
body so as to minimize foreign-body reaction 
and the materials must be of reasonably per- 

55 manent nature so that they will not deterior- 
ate in the body within the life expectancy of 
the patient. 

The ring 10 is channel shaped in cross sec- 
tion with the downstream edge of the ring 

60 being connected with the legs of cage 11. 
The inside of the ring on its downstream 
side has a bevelled conical surface 13 to form 
a seat for the ball of the valve member 12 
but this surface may assume a contoured con- 
65 vex shape if desired. The bottom of the chan- 



nel on the upstream side of scat 13 is pro- 
vided with a multiplicity of circumferentially 
spaced radial openings 14 to promote complete 
ingrowth of pseudo-intima throughout the en- 
tire valve annulus 10. The arrangement of 70 
these openings is the same as shown in Figure 
6 in connection with the second embodiment, 
to be described later in full detail. Several 
rows of holes or circumferential slots may be 
provided in addition to holes 14 in order to 75 
completely perforate ring 10 for complete in- 
growth. 

In assembling the valve, the cloth sleeve 
15 in Figure 4 is prepared and folded over 
the rim* 10. This sleeve has a tubular cyhn- 80 
drical shape and is preferably cither knitted 
or woven of a suitable synthetic fiber, com- 
mercially known under the Registered Trade 
Marks "Teflon", "Dacron", or the like. Be- 
fore assembly, the sleeve is provided wirri a 85 
loose draw string 16 near one end with the 
ends of the string on the inside of the 
cylinder and the opposite end has formed 
therein a number of longitudinal slits 20 hav- 
ing a circumferential spacing to receive the W 
legs of cage 11. The outer ends of these 
slits are preferably formed as Vce-notchcs as 
shown. . „ rt , 

In applying the sleeve 15 to ring 10, the 
sleeve is first turned inside out, then the end 95 
of the sleeve containing draw string 16 is laid 
in the channel of the ring, with the rest of the 
sleeve extending in a direction opposite the 
cage 11, with the positions of slits 20 match- 
ing the positions of the legs of cage 11. 100 
Draw string 16 is pulled tight and tied to hold 
the sleeve in this position. Then the notched 
end of the sleeve is folded through the center 
of the ring and wrapped around the downs- 
stream side of the ring so that the slits 105 
straddle the cage legs and the shtted end will 
overlie the end containing draw string 16. 

A draw string 21 is then placed in the 
overlapped end of the sleeve and pulled tight, 
and tied, to stretch the cloth smoothly around 110 
the ring 10. Numeral 21a in Figure 4 desig- 
nates the ultimate position of draw string 21 
but this is not applied until after the sleeve 
has been assembled on ring 10 as described. 
Thus, the sleeve 15 completely envelops the 115 
ring 10 with the ends of the sleeve overlapped 
and with slits 20 straddling the legs of cage 
11 and a portion of the sleeve overlying the 
ball-seat surface 13. . 

A. second porous cloth sleeve 25 is pre- 12U 
pared as shown in Figure 3 having a first cir- 
cjmferential draw string 26 spaced from one 
end of the sleeve and a second draw string 27 
spaced at a suitable distance from the oppo- 
site end. The end of sleeve 25 containing 125 
draw string 26 is laid over the chanrx! of the 
ring, with the rest of the sleeve extending in? 
a direction opposite from cage 11. Draw 
string 26 is then pulled tight and ned in the 
bottom of the channel in ring 10 to hold the 130 
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sleeve temporarily in place. A winding 30 of 
suitable filamentary material such as "Teflons" 
suture is wound on the cloth in the mid por- 
tion of the channel area as shown. Stainless 

5 steel wire may be used if the valve body 
is made stainless steel or plastic 

A suturablc cushion ring 31 of suitable 
material such as silicone foam rubber is 
placed over the winding 30. This soft ring is 

10 preferably L-shaped in cross section for a 
mitral valve to provide, a wide flange 32 om 
its inflow face and a small flange 33 at its 
downstream edge for the purpose of provid- 
ing a form under the cloth 25 so that it is 

15 most advantageously shaped to fit the heart 
at the location of implantation. The suturing 
ring can have a shape to optimize coaption 
to the aortic tissue bed as well as that which 
has just been described for the mitral posi- 

20 tion. 

Sleeve 25 is then folded over the cushion 
rirrg 31 and draw string 27 is pulled tight, 
and tied, to cause the cloth to conform to the 
angular shape of ring 31. For this purpose the 

23 draw string 27 is located in the sleeve so that 
it will fall inside the corner of the angle 
between flanges 32 and 33. The remaining 
end of sleeve 25 is then tucked under flange 
33 and stitching 34 is applied to secure abut- 

30 ting portions of the sleeves 15 and 25 to- 
gether at the cage side of ring 10. Similarly, 
stitching 35 is placed on the inflow face to 
secure the two rlecves together. 

Finally, sleeve 25 is h-:at pressed to form a 

35 smooth cuter surface of the shape shown. 
The two sleeves as thus assembled provide, 
in effect, a continuous cloth covering around 
the orifice ring 10 and the rubber or soft 
pad cushion insert 31. Any pseudo-imima de- 

40 veioping over these surfaces finds secure an- 
chorage in the porous texture of the cloth and 
through openings 14 so that it will not free 
itself and he carried away in the blood stream. 
Insert cushion ring 31 and cloth 25 receive 

45 the sutures which connect the valve with 
surrounding heart tissue at the location of im- 
plantation. Valve member 12 is assembled by 
squeezing it in between the cage legs. 

The modification shown in Figures 5. 6 

50 and 7 is similar to the first embodiment ex- 
cept that an orifice and seat ring 10a is made 
separate from a cage 11a. Tins permits the 
ring to be made of plastic material, if de- 
sired, while the cage may be made of metal. 

55 However, both parrs may be made of metal 
or both of plastic, if desired. The same re- 
ference numerals are used to designated iden- 
tical parts. 

The cage legs Have hooked ends 40 for 
60 securemcnt to the ring 10a. A cloth sleeve 
15a is prepared which is the same a? sleeve 
15 in Figure 4 except that the slits 20 are 
not necessary, and the draw string 21 is placed 
into the cloth before assembly. Sleeve 15a 
65 is applied to the ring 10a in the same manner 



that sleeve 15 is applied to the ring 10 in 
Figure 2. Sleeve 25 in Figure 5 is identical' 
with dleeve 25 in Figures 2 and 3. 

After the draw string 26 has been tightened 
and tied to secure one end of sleeve 25 tcm- 70 
porarily, the hooked ends 40 of the cage legs 
are placed over the draw string 26 as shown 
and then the windings 30 are applied over 
these hooked ends to bind die cage legs as 
well as the underlying sleeve portions securely 75 
in the channel of ring 10a. With the applica- 
tion of the insert ring 31, the valve is com- 
pleted as described in connection with Figure! 
2. Another advantage of forming the cage 
separately from the orifice ring is that it per- 80 
mils use of the valve member 12 which ordin- 
arily cannot be inserted between the cage legs 
in assembly. 

The insert ring 31 may be provided with 
holes, channels or grooves in axial, circum- 85 
fcrential or radial directions, if desired, to 
facilitate fibrous ingrowth. The configuration 
of the suturing ring, which may also be re- 
ferred to as a cuff portion, may be varied 
as abovementioncd to facilitate suturing in 90 
different locations of implantation as, for ex- 
ample, in the mitral, aortic or mitral sub- 
valvular positions. Similarly, the cage may 
assume different shapes for use with disc, 
ellipsoidal or other shaped valve sealing 95 
members 12. The two-part cage and orifice 
ring form of construction shown in Figures 
5. 6 and 7 may also be employed in valves 
which do not have special provision to sup- 
port encapsulation by vascularized tissue. 100 

If desired, prior to the assembly of cage 
11a to the ring 10a in Figure 5 a porous 
cloth sleeve 45 can be installed on the cage 
legs as shown in Figure 8 to provide a valve 
body which is entirely cloth covered in its 105 
final configuration for complete tissue en- 
capsulation, with the exception of the mov- 
ing valve member 12. At their left ends 
the sleeves 45 are secured under the winding 
30 and at their right ends the sleeves arc 110 
secured to each other by cross stitching 46 so 
that no part of the cage is left exposed. If 
desired, the cage legs in Figure 1 may be 
covered by wrapping them with strips of cloth 
for purposes similar to sleeves 45, which are 115 
then secured by stitches. 

Porous, flexible sleeve- type coverings may 
be applied to the integral cage legs 11 in 
Figures 1 and 2 in various ways as vail oc- 
cur to persons skilled in the art. For example, 120 
the cage could be cast separately from ring 
10 and then welded thereto after sleeves 45 
have been applied to the cage legs. 

WHAT WE CLAIM IS: — 

1. A heart valve prosthesis comprising an 125 
orifice ring, means for implanting said ring 
in living tissue of a patient, a movable valve 
member, means holding said valve member 
and said ring in assembled relation, a sleeve 
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of porous flexible material such as cloth, the 7. The heart valve prosthesis as defined 
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mid portion of said sleeve extending through 
the center of said ring and covering the in- 
side surface thereof, end portions of said 
sleeve being folded over the edges of said 
ring and disposed on its outside, and means 
securing taid end portions on the outside 
of raid ring. 

2. Ths heart valve prosthesis as defined in 
claim 1, wherein said ring has openings there- 
in for the growth of the living tissue through 
said sleeve and said openings. 

3. 'i"hc heart valve prosthesis as defined 
in claim 1 or 2, wherein the outside of said 
ring has an outwardly facing channel extend- 
ing around said ring, said end portions of the 
sleeve arc overlapped in said channel, and 
said securing means is disposed in said chan- 
nel. 

4. The heart valve prosthesis as defined in 
any one of the preceding claims, characterized 
in that said securing means includes draw 
strings in said sleeve, disposed on the out- 
side of said ring. 

5. The heart valve prosthesis as defined 



in claim 6 as appendant to claim 3, wherein 
said legs have hooked ends, and said second 
securing means includes a filamentary wind- 40 
ing clamping said hooked ends and said sleeve 
in said channel. 

S. The heart valve prosthesis as defined in 
any one of claims 1 ro 4. wherein said hold- 
ing means includes a cage having legs con- 
nected with said ring, and sleeves of porous 
flexible material such as cloth on said legs. 

9. The heart valve prosthesis as defined in 
any one of the preceding claims, wherein said 
implanting means includes a cushion ring 
surrounding said orifice ring, a second skeve 
folded around said cushion ring, and stitch- 
ings securing said sleeves together. 

10. The heart valve prosthesis as defined 
in claim 9, wherein said second sleeve is also 
held by said second securing means. 

11. A heart valve prosthesis, constructed 
and adapted to he used substantially as here- 
inbefore described with reference to Figs. 1 
to 4 of the accompanying drawings. 

12. A heart valve prosthesis, constructed 
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in any one of the preceding claims, wherein and adapted to be used substantially as here 



said holding means includes a cage having 
legs integral with said ring, and said sleeve 
has slits in one end thereof stradding said 
legs. 

6. The heart valve prosthesis as defined 
in any one of claims I to 4, wherein said 
holding means includes a cage having legs 
separate from said ring, and a second secur- 
ing means is provided holding said legs to 
said ring. 



inbefore described with reference to Figs. 5 
to 9 of the accompanying drawings. 
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